A sandwich enzyme-linked immunosorbent assay was developed for its potential utility in the detection of antigen in the cerebrospinal fluid of patients with tuberculous meningitis. Cerebrospinal fluids examined included those from uhtreated (group Ia) and treated (group lb) Mycobacterium tuberculosis meningitis, nonseptic central nervous conditions (group H1) such as epilepsy, viral meningitis, and tetany, and nonmycobacterial septic meningitis (group III). The average levels of antigens determined and percent positive specimens, respectively, for each group were (group): Ia, 1.8 ,ug/ml and 75% positive; Ib, 0.37 ,ug/ml and 36% positive; II,:0.036 ,ug/ml and 100% negative; and III, 0.075 ,ug/ml and 100% negative. The system developed employed hyperimmune polyclonal antibody raised against M. tuberculosis and Mycobacterium bovis BCG in burros and rabbits. Cross-reactivity by other mycobacterial species was very low; e.g., 5% for M. kansasii and less than 2 % for M. intracellulare, M. avium, M. vaccae, and M. fortuitum. The test shows promise as a specific adjunct for the early diagnosis of tuberculous meningitis.
Tuberculous meningitis continues to pose a diagnostic problem, especially in children in developing countries. Failure to diagnose the disease promptly in its early stages results in an increase in severity and involvement. Isolation of organisms from cerebrospinal fluid (CSF) has been disappointingly infrequent (4) and time consuming. Sensitive tests such as radioimmunoassays and enzyme-linked immunosorbent assays (ELISAs) for the detection of Mycobacterium tuberculosis antigen (8) or antibody (10) appear to be promising procedures for the early diagnosis of tuberculous meningitis.
In the present study, 38 CSF specimens from patients with diagnosed tuberculous meningitis and 52 of nonmycobacterial etiology were examined for the presence of M. tuberculosis antigen by a sensitive and specific sandwich ELISA technique. MATERIALS Administration, Bethesda, Md.). All of the group III samples were purulent, with high protein and cell concentrations, and most were from patients with proven bacterial meningitis.
ELISA procedures. Two types of double antibody sahdwich ELISA procedure were developed. The first procedure was carried out as follows. Dynatech Immulon I plates were coated with 100 jAl of a 1:1,000 dilution of anti-M. tuberculosis burro serum in Tris hydrochloride buffer (pH 8.5) overnight at 28°C. After three washes with saline-Brij 35, the plates were incubated with 100 ,ul of M. tuberculosis sonicate antigen. To study cross-reactivity with other mycobacterial species, at this step we used sonicate antigens of M. intracellulare, M. avium, M. kansasii, M. vaccae, or M. fortuitum instead of M. tuberculosis. Phosphate-buffered saline with 1% bovine serum albumin and 0.1% Brij 35 was used to make the dilutions. Incubation was carried out at 28°C for 2 h. After three saline washes, anti-BCG rabbit serum at 1:1,000 dilution was added and incubated for 2 h at 28°C. This was followed by sheep anti-rabbit IgG alkaline phosphatase conjugate and incubated for another 2 h at 28°C. Absorbance at 410 nm was read 30 min after the addition of p-nitrophenyl disodium phosphate substrate in an ELISA reader (Dynatech Industries, Inc., McLean, Va.). This procedure is referred to below as sandwich ELISA.
The biotin-avidin procedure, referred to as biotin-avidin ELISA, was used to improve sensitivity (1). The procedure is essentially as described above except that anti-rabbit IgG-biotin conjugate was added after incubation with anti-BCG antibody. This was followed by avidin alkaline phosphatase and substrate. Dose response curves were constructed with each of these antigens and compared with M. tuberculosis standard curves. For the test to detect antigens, 1:2 dilutions of CSF were used. Standard curves with M. tuberculosis antigen concentrations ranging from 4.5 ng/ml to 5.0 ,ug/ml were generated. Concentrations of antigen in CSF were determined in micrograms per milliliter by referring to the standard curve (11) . RESULTS Figure 1 shows the dose response curves with M. tuberculosis sonicate antigen. The sensitivity of detection was calculated as follows. The mean and standard deviation of optical densities observed with a zero antigen dose were calculated. The lowest dose showing an optical density above the mean of the zero dose plus three standard deviations was considered the sensitivity of the assay. This was 3 ng/ml for the biotin-avidin ELISA and 15 ng/ml for the sandwich ELISA. fortuitum. Figures 2 and 3 show the cross-reactivity patterns obtained with the sandwich and biotin-avidin ELISAs, respectively. Percent cross-reactivity was calculated as follows. The amount of cross-reacting antigen was estimated from the M. tuberculosis curve by extrapolation. This was divided by the determined amount of total protein added and multiplied by 100. The sandwich ELISA showed a maximum cross-reactivity of 5% with M. kansasii and only 2% with other mycobacteria. With the biotin-avidin ELISA, however, there was 22% cross-reactivity with M. intracellulare and up to 10% with other antigens. Although the biotin- avidin procedure was five times more sensitive, it was also considerably less specific. Because of its greater specificity, the sandwich ELISA was used to detect tubercular antigens in CSF samples (Fig. 4) . Further analysis of these 38 samples showed the effect of chemotherapy on antigen levels. At the time the samples were collected, 24 untreated subjects had signs typical of tuberculous meningitis, and 75% of these CSF samples were positive, ranging from 0.3 to 10 j,g/ml. Fourteen had been treated and were free of signs of meningitis, and only 5 of these 14 treated patients had positive antigen levels (Table   1) . criterion for the diagnosis of tuberculosis. In this study, we describe an ELISA procedure which has a high degree of sensitivity and specificity. Two groups of controls were studied, one with encephalitis, tetany, viral meningitis, etc., (9, 10) have shown that antigen or antibody detection is useful in the diagnosis of pulmonary, meningeal, pleural, and abdominal tuberculosis by radioimmunoassay. In a limited study of 10 CSF samples from patients with tuberculous meningitis, Sada et al. (8) showed the potential usefulness of ELISA in the detection of antigen.
The retrospectively determined high correlation between the demonstration of tuberculous antigen in CSF and active tuberculous meningitis warrants the application of the ELISA technique as early as possible for the diagnosis of suspected cases of the disease.
